Lasers from 8 national metrological institutes (NMIs) were brought to the NIM in Bejing in November 2004 for the APMP.L-K11 regional comparison. The frequency difference between the f components of the R(127) 11-5 transition was measured for these lasers following the Protocol for BIPM.L-K11. The absolute frequencies of three of the participating lasers have been measured with the comb technique either before or after the comparison. The absolute frequencies for the other lasers were then deduced using the three lasers as a link. The results of these measurements are compiled in the present paper. The comparison reports, as communicated by each participant, are included as Appendices.
Introduction
The BIPM.L-K10 (K10) key comparison was initiated in 1993 to provide a basis for demonstrating equivalence of national realizations of wavelength-standards used for the realization of the definition of the SI metre according to method (c) in the Mise en Pratique (MeP) [1] . The K10 took only the 633 nm He-Ne standards into consideration. Such a comparison seemed of particular importance since these lasers were most often used in the whole field of dimensional metrology to provide traceability to the metre. The measurand of the comparison was the difference between lasers of the average frequency of the components d, e, f, and g in the R(127) 11-5 line as obtained by matrix measurements [2] . The frequency of the reference laser BIPM-4 was used as the key comparison reference value. During the last few years, the situation for realization of the metre has changed due to the introduction of new techniques for absolute frequency measurements. This has opened up the method (b) in the MeP for the realization of wavelength standards traceable to the second. The practical consequence of this development is that, at least, two methods are today being used for the realization of the metre, and several wavelengths, important for dimensional metrology applications, can now demonstrate traceability with relative ease. Considering these circumstances, the 11 th CCL meeting, held in October 2003, decided to close the K10 comparison and initiate a new key comparison named BIPM.L-K11 (K11) [3] .
The K11 concerns those wavelengths present in the list of recommended radiations in the MeP, which are used in the field of dimensional metrology. Typical examples would be the 633 nm, 612 nm, 543 nm and 532 nm iodine-stabilized standards but others may also become appropriate to include. The CCL also proposed to include absolute frequency measurements, matrix measurements as well as direct frequency heterodyne measurements in which only the difference in frequency between two standards is measured. Besides being a key comparison, K11 will not only provide reduced uncertainties for the frequencies listed in the MeP but also extend the ways in which participants can claim traceability to the definition of the metre to comply with the MRA and the related ISO/IEC 17025 [4] . In connection to the ongoing BIPM.L-K11 comparison a RMO comparison APMP.L-K11 was organized in NIM in Beijing in October 2004. 8 national or regional labs took part in the measurement campaign. These institutes are listed in Table 1 .
The measurements were made in two groups according to the division given in Table 2 . Working parameter values for the standards with estimated standard uncertainty in parenthesis as given in the measurement reports included in Appendices 1-9.
The m3 method described in the Protocol for BIPM.L-K11 was used. An Acousto-Optic Modulator (AOM) employed to shift the frequency of one of two lasers, both locked to the f component of the 127(R) 11-5 transition. The frequency of the AOM was controlled by a signal generator (ROHDE & SCHWARZ 300.1000.53). The frequency was measured by a frequency counter and then used to correct the beat frequency.
Data reduction and results
The results of the difference frequency measurements are given in Table 4 . Absolute frequency measurements on lasers that participated in the comparison that have been measured absolutely either before or after.
u 1 represents the uncertainty in the frequency determination while u 2 originates from the uncertainty in the parameter settings of the lasers. A weighted least squares minimisation approach is used to take both the absolute (table 4) and the difference measurements (table 3) into account and is exposed to a Birge ratio equal to a one condition. The weights are based on the uncertainties for each one of the three standards, column 5 Based on these values we can calculate the absolute frequencies of the remaining lasers using the difference frequency measurements, see table 6. The uncertainty of the determined frequency is composed of two parts, one from the frequency determination, u 1 , and one from the uncertainty in the settings of the working parameters, u 2 . The latter, the uncertainties related to the standard itself are to be estimated by each operator and are detailed in Appendices 1-9 and given in column 4 in table 6. Table 6 . The absolute frequencies of the 6 lasers only participating in the frequency difference measurements.
Here u 1 is taken as the root-sum-square (RSS) of the uncertainty of the NIM-D1 laser as obtained by the least squares adjustment within the group of the NIM-D1, the CSIR-4 and the NRLM-03 laser and the uncertainty of the difference frequency measurements as given in The final frequency values are depicted in figure 1 as given in column 2 in Table 6 for each laser with individual uncertainties given at a confidence level of 68% assuming a large number of degrees of freedom. The solid line represents the present recommended value for the 633 nm laser standard and the dotted lines its uncertainty [1] .
Conclusion
Frequency measurements have been carried out on 9 primary wavelength standards. Good agreement between the lasers and also with the frequency value recommended in the MeP was found. The uncertainty of the laser frequencies is estimated to be of few kHz, which is considerably smaller than the uncertainty obtained by using the method (c) in the MeP, i.e. 10 kHz. The average frequency of the group is 604.9 kHz with a standard deviation of 4.9 kHz. This frequency value is in excellent agreement with the value recommended in the MeP giving further support to the validity of this recommendation.
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D4. Standard
Designation of laser standard NIM D1
Standard last compared 1997 in Beijing
Modification on standard since Give a brief description of the measurements made and the techniques used. 
Spectroscopy
Intracavity saturation spectroscopy
Compilation of measurement and results
Two types of uncertainty can be identified in the measurements, the one that comes from the measurement of the standard, u 1 , and the one that results from the uncertainty in the parameter setting for the standard, u 2 . Give a brief description of the measurements made and the techniques used. 
Two types of uncertainty can be identified in the measurements, the one that comes from the measurement of the standard, u 1 , and the one that results from the uncertainty in the parameter setting for the standard, u 2 . 
D4. Standard
Designation of laser standard NML-04 / REO,LTRP-0051-BW
Standard last compared
Modification on standard since
Spectroscopy
Saturation spectroscopy
Modulation technique Frequency modulation
Modulation frequency /kHz 8.3
Modulation width or index / 6 MHz peak-to-peak
Laser cavity length /cm 26
Mirror curvature R1 (tube side) /cm 30
Mirror curvature R2 (cell side) /cm
∝ (plane mirror)
Mirror transmission T1 (tube side) / % 0.7
Mirror transmission T2 (cell side) / % 0.25
Output mirror, 1 or 2.
Designation of iodine cell BIPM 359
Cell length /Brewster /flat windows/origin 10 cm, Brewster, BIPM
D5. Description of measurements 5,6
Give a brief description of the measurements made and the techniques used. 
Method: The method described in the Protocol for BIPM.L-K11 method m3 was used. An AcoustoOptic Modulator (AOM) was used to shift the frequency of one of two lasers
Compilation of measurement and results
Two types of uncertainty can be identified in the measurements, the one that comes from the measurement of the standard, u 1 , and the one that results from the uncertainty in the parameter setting for the standard, u 2 . Modulation width or index / 6 MHz peak-to-peak 
Designation of iodine cell BIPM #336S
D5. Description of measurements 5,6
Compilation of measurement and results
D4. Standard
Designation of laser standard
MSL-1, REO, LTRP-0051-BW / SN 153
Standard last compared
I2 Cell in BIPM 7 14/8/1996
Spectroscopy
Saturation spectroscopy
Modulation technique Frequency modulation
Modulation frequency /kHz 8.33kHz
Modulation width or index / 6 MHz peak-to-peak Give a brief description of the measurements made and the techniques used. 
Compilation of measurement and results
